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© Scanning recording type f>rinting method and apparatus for realizing the 

FIG. I 



same. 



CM 
< 



o 



CL 

tu 



© A scanning recording type printing method, by 
which a pixel recroding pulse signal (S) is produced 
by comparing a comparison data signal (DB), which 
formed by repeating an up counting operation and 
a'; down counting operation for every pixel, which is 
the smallest unit region of an image, with a depth 
data signal (DA) for one scanning line and the loca- 
tion of each of net points of at least one color printed 
within a pixel is controlled by the pixel recording 
pulse signal (S) so that worsening of the image 
quality in a high precision fine image printing can be 
reduced. 
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SCANNING RECORDING TYPE PRINTING METHOD AND APPARATUS FOR REAUSING THE SAME 



BACKGFfpUNP OF THE INVENpON 

. VTiiisjnyentipn relates to.^ .mqnochrpme or cx»I- 
or printing methcki and ar| realizing 
•the same, ^nd jn p^CMIacio.^j^scanning recprding^, 

, tii^^ apf^guraki^Jor realizing . 

'^^^^ of the/ 

jrriag^ quaJfty Jn predsio^ record- 

."<ng- '.^ / .-I . 

As a mati^od for varying tfie rejcording area of , 
each pixel in order to. .express light arwi shade of, 
the iniage in a. sp^ning , jepprding type printingi 

^apparatus, ther^ is known, a.- naefeodt,^by whidi, 
inr^age recording, pulse signals are modulated ii>. 
pulse widtti by means of d^ representing th^, 
.depth, /^paratqses .described Patent 
Application un-examined. fpubticatpns.,^ Nos. 82- 
57679 and 82-99866 are its concrete examples. 

In such a printing, recprding apparatus it is.,, 
necessary to reduce each cell in size and increase , 
the;, pixel density in order to bf able to record an- 
image with .a^high predslon ^d a.liigh fineness:^ 
Tl>e scanning ciprection an^ tiie s^e of each pixel in . 

* the, scanning r^ecording ' a^^^ by the - 

scanninjg speed, srid j^^ the 
Image: recording pulse sigr^il. Consequently, in or- 
der to make each pixel smaller. . the .^production 
period of the: image recording puise^signal must be 

: shortened and the . rate of ttie intermission must be 
increased. However, when the rate of the intermis- , 
siqn^crf the,^ recording pulse signal is in^v. 

or^eased* The Image quality has a tendence to be 
towered. . v r- y^- 

^- , . llie , reason w II be explain^ concretely taking 
,an electro-graphic laser beam g^nter as an ^xanrhr: 

r.;; In Fig* 2, a nnernory deNripe.ly srtpregidepth da!& - 
:.of ,each of th^, pixels fn innage:^^^^^ from > 

an. irnage. read-out. device or a ccrnputer (not 
shown : in tiie ^figure) for .; one scanning, line.. The 
..dept(i data are sent to a iatch 2 in the form of pixel: 
depth data DA for every pixel, depending on the 
position , of recording scanning by a pixel ck)dk 
9'gnal PCLK1 given by a timing tre^ent circuit 4, 
.which, will be. described later. Supposing that the 
pixel depth is represented by 16 degrees from "0" 
(white) to ''15- (biack), tiie pixel deptii data DA are 
4 bit data. In a pixel recording pulse signal genera- 
tion circuit, 9 the latch ::2 holds (latches) the pixel 
deptti data DA by a pixel dock signal PCLK2 given 
by the timing treatment circuit 4 arid its holding 
period of time is equal to a period of time during 
which one pixel domain is scanned for recording. 
These pixel depth data DA held by ttie latch 2 are 
given to a comparator 5. A counter 3 which is a 



cyclip 4 bit binary counter, counts clock signals 
CLK1 .^piir^in^^^ cfock generator 10 under the 
control !i)yr,^ rj?cprdi)ng jscanniing signal UNE1 from 
tiie,. tmipg. tread^ aVcuit 4, -1 R clock signals 
Cfpfl are .outputt^d,,for- peri^^ time during 
wljich onei .pixel. is srapnod fpr recording. 

The ciurrter 3 counts up from "O"^ to "15" - 
(black) and giy^ the qDnt^nt^pf tiie icpunt as com- 
parisqn dat^, DB. to, tire corriparator 5. At the same 
tjime^.it giyps a pEtfry ?ignal^^ signal 
PCI^ tpft^ 4.-Ttie timing 

Ireaton^ c^cj^^ pixel dock signals 

P(ijK1 an?^^^ ctock 
signal PQU^^ at the sapes tirne uses a detec- 
tipn sjgnajl^ U a laser bearri detec- 

ipr^S as a tecbrxling^ scanning start synchronization 
dgn^l for. eyery^^ scanning line^^ 

The comparator 5 compares the pixel depth 
data DA witt^ tfie; cpmparisori data DB and gen- 
erates. , a 2-va!ue p^ei recording pulse ^nat S, 
qoTOspondrngto 



:"b!apk, ifDA> DB 
2S - "white , jf DA S DB, 



40 



which is gfven^ to a serniconductor laser drcuit 6. A 
; laser beam outputted by t|i€h semiconductor laser 
circuit 6 is deflected in a region pf jangle 0 so as 
tooscan arid Jlluminate an: eleclrorgraphk: photo* 
.^sensitive dmm 7. Iri.this way^ an electro-static latent 
f Image is formed;. therepn and; transferred to a re- 
-: ^?Pr*n9 paper, ^fteri havi^^^^ wHh 
toner- After thati it .is further tix^ ,r>oias to be a 
,3S:v:. r^rd.; ii.-^v ?: ;a .^^rvh^n:. 

1 dP9^<4M ,t@^^(C) indices . ^ tinwng chart re- 
,pjf?esenftn9 th^ woridng mode of the pixel reconiing 
pulse signal an^ th^^piJ^el reqording in such a laser 
beam printerf ^{A).. indicates; the , pixel number and 
the pixel depth data DA. The atjscissa t in (B) 
represents the time, in which T denotes tiie period 
■ ) . of time . necessary for scanning to record one pixel. 
; The coordtriate reprjssents, digital values corre- 
sponding to pixel depths, : in which "0" indicates 
45 "whit^";: "15"; indicates "black':; DA shows the pixel 
depth data;: and DB shpws the comparison data, 
The.^absdssa x in (C) represents the position of the 
recprding scanning of the laser beam and hatched 
regions show, tiie recorded area for each of the 
50. pixels. . 

r .Jn such a recording method, since the laser 
bearn outputted by the semiconductor laser drcuit 
: . 6 has a certain spread in the scanning direction, 
when tills laser beam is intenrupted by the pixel 
recording pulse signal S in the course of the scan- 
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ning, the light quantity at both the border portions 1) Although the dots formed by printing are, in 

of the recorded dots in the main scanning direction general, ideally printed at the central portion, but 

on the pixel recording surface is inconveniently in = > -they afie not pi^ecisely printed at the peripheral 
an intermediate region between white and black portion because of scattering of inks or unevenness 

and thus the depth of the record at these portions 5 of printing, According to^ the concentric solution 
is unstable; what is a factor lowering the image mod6l, since the net points other liian the dot of 

quality. This is product' by tfife fe^ that the laser the ink, which is at the top, exhibit their color by 

beam has 'a certain ^s^5r^3; feohsequently. when, in ' * ' * thdir '^riphei^ pbrtibn^ dilfficLilt to reproduce 
6rde(r*to irecdrd fin^K firi^pgfe^ with a high precisioriv' ' ' ^ the 0reci^ei:x)rdr/^ ' ' ' ' 
piketls^^ are made smaller '*^d^ the riufi?iber^of in^";* fo'^'' ^^" ■ 2)^'VVlten'thi&''UCR to the 

• terrupli6hi5--of' the ^las^^^ is irtdVeased, theP^^*"^' ' * '^tice^ 

\ (jropiortidn of such unstaBle region^ increases, whai? ^' ''(dbty By an4n3iart inft'^blb^^ inks 
- *giv6s rise to 'fbWe^^^ ^ k -''-'^iihted drtdlrflid ^^^^ nothing 

•'"^ Such phenbffrena are riot limited to the laser and in addition, the net point <dot) apt to t)e 

' beam printed; but produced in comrnbh in 'jphpto?^ r#/^\tf^hsf^rreci ifhtb4rfectly beb^^e^'of ^e super^psi- 
*^sdfiisitiv^rlBc6rdftl^ recording^ ^'^^''^ libft fefHjseles^ inks/ ' ^ ; | 

enfeVpiy glveri^^f&freca*^^^ S) '^fi by a^tif|ftai; prim^^^ nei poihfe of 

arid -cdntrell^d^ln- tfe'-t^^ scariiSing, stylus^*'*'''' "^"'^ ^ devilte "m6re or^'fess from fach 

elecfm^static re66rding^^£|)(^ai3Ws^ arid scanning^' '^'**^* '6trier b^uSe'of expansidfi or corttracfebh of p^r, 
recording typie* recbrdirig''*^^ppiaFafusfes such a^^'^ i^C^'^"'=ieftc>-T7ie~ soKution mddel is poor at this 

scianninsr illumihafibn^'tp^ printer^ ^ y^'pOSifi&n'd^ the risk^at Moiree fringes 

using liquid cfystSI li^fit switChe&'Wd ligh^ are pribduded is high' - ' 

diodes. • ^- Ty-o^'-\. x . :■ r :> ■ c £ ' 

On the other' hand,' in the^'color SOMMAiRY OF TH6iiSl\^NTI0N 

set printing, ft is diffi4uit46 ^p6sffion net points (i.ei 25" " * ^ ■ ^- - 

dots) to be printed with a h^Q^> precision^ For exam- - -'^ - f' 'The object idf'lhis 'Wehtibn- lis* t6 provide a 
pie. in the case of a multi-block printing with 4 - scahninig recordings typfe 'prirrtirig niedipd and an 
blocks of cyan, yellowi fn^gehta and- Indian ink, * -^"^ '-app^iatus for reaJiziri^ -tfie isanrte plrWlffing^to^ 
when it is tried to superpose conresponding dots of dbce 'Wcffiserithg 'of the im^^^'ijUality in the high 

different blocks on each ethSr, ^blight rhisaRgnment Vo^^' priectsiori fiftd irfiag^ recording by controlling the 
produces Moire^ fringes On^rference fringes). " '^ '-^'lodatidn of riet pbirits o^ 
Therefore, in practice, die screen singles of net - ^ ^ ^ within a pixel. ' 

pOMts 'of different 'bl3cks * are interitidhally varied ^ ^ ^ ^ ' ^ *7fecofd^ in a sC^mning re- 

appredably^^o that the net 1^^^^ - '--^^^ corxJing type jDrint redbrding apparatus; in which 

are sOpteriDosed at mnOom, in order s preveht the 39 " depth data of each of the pixels In tf*ie1?riage signal 
prodljiicaon of loW frequenicy' Moir^ fringes. How- * > -are tranisfomrfed into an image ^recbrdiftg pulse sig- 
•evef^:t>y'this'^methed/'sifpe^ of dif- ■ -^'"nd'-having a time width Vopb'rtional -id the depth 

fer^^t :cdlb^Si i$v iffegiJIar, what^ pf^erits to effect for each of the pixels and production bf recording 

.theoretical <^Idr torrefitidhi'' >^ • ■ > ' '^rteS'^ is'tohti^olled so as to be 'interrupted by this 

To the contrary, in a digital pririter'such as a '^4o'^ - imagfe rSoordirtg pulse sigrial, wbr^nihg of the 
rjase^r^ beai#'prim^)fet^?, 'sinfee^ ffis possible to image quality is reduced by redudng the propor- 

I ipoisitioh fairiy ^rr6ciSely>dot§? eiif^h' when it is tried ' ^ ^^:'- 'ti3ri*"' df^ the arie^^^ That is,: this 

to 5uperpos)a^c6rieSpi5hdin9 dots "of different blocks- ■ ^ v^^' ^ifiver\tion*4s 6ha^ fi/ pft-oducing the 

'on each : bther,^ theVe* are^ pfoduced^'no Moire§'^^ rear end df the V^ordirig fSulse '^signal of the pre- 
fringes: 1 '^^^ > r - • < ^ ^ * | 45 celjing recbrdiriig side pixePMn a^p^r of pixels 
- An arBde by SAmNAGI ptiblished in Denshi- Adjacent to an arbitrarify selecterf pixel in the .re- 

Shashin Gakkaishi fJOurrial- of the Electro-Graphic * cording scanning direction in accordiauice with the 
Socid^) 23, (1984)' (fft' Japanese) has dis- ' rear end of the relevant pixel and the front end of 

closed a '"cbncerifric solution irnoder, by which the* the i'ecording pulse^ signal t>f tfiii succeeding re- 

dots are printed by a ^^drgital printer* ' so thai their ' 50 cording side pixel tri' accordance with the front end 
centers arfe superposed on each other! (cf. Rg.(3A))- ' - of the relevant pixel so that the^ production of the 
and reported that 100% urider^ color removal - recording energy between thW pkir of pixels is 

.(UCR)r is possible by this ri>ethbd-(cf. FHg. 3(B). If - - v;. continuous -and by making the region^ where the 
this concentric solution mbdel could, be realized' " recording depth is 'unstable, 'sitialler. wcw-sening of 
ideally, a perfect UCR (100% UCR)'<and other -' 55 the image quality is reduded. 
various color connection theories would be effica- ^ = 
cious.- However, this concentric solution 'model has ^ \ : - 

not taken the following points into consideration. . :\ . . 
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. On the ottier hand, the "pixel" is the smallest pixel and the second colored ink mentioned above 

, . unit of spatial resolving power, when an original is anranged from another end within the pixel to- 

analogue , image is quantized (digitalized) and in . . wards the center of the pixel, and further in pixels 

general it i;s defined so as to be sufRd^ adjacent to the arbitrariiy selected pixel mentioned 

h a digital printer, however many net; points are • 5 , above tfie^. first colored ink is ananged from the 

forined in thijs p^ ancJ wherever tiie.n^t points are another ^^Bj^.^yithiri :the^ pixel towards the center of 

■ ^ . written Jn^;^W^^ pixel, no , dift^^ - : the pixel and-ther secaiid colored ink is arranged 

■ ; <^^r . :? : ^rom thr one 

^./o/'^i'.-fppye^l^'t^ re-■:>;^;^tp,.^ n: :* <; --^c •. .;oi 

U . where a ^;^r :BR!B= pESCRIPTlQM^ 

, =.pix^ isl'iarge^ byw^ _ ^ , ; ; k; c,b. 

; whidi^cmp^^^^^ net - , , ; yRgs. H[G) represent a timirig chart for 

, ppintsi! (dptsV ^ -^f .^.. .expla'ning the working mode; (A) indicating pixel 

; , d^^^ tt}e -cef)tBr of tie vpixei,Jn order to ] .rjf numbers pixeU depth vdat^ (B) and (C) the 

,have ^ ^^n angle. AJsf^ ac^ inveri-; ^.^r .working mode for productipn? of the pixel reconding 

fcn atientipn ferpajd to ttis .point full cotaj^,i] to b; putee signaliand the pixel; recording: pattern accord- 

printing by multi^skick prirrtirig,^^ points , , - ing tprp^^^^^ the working 

(dot^) of each of the colo^^ foode f<K^ productionr of )ihe pixel iBCording pulse 

are not concerrtr^ed to ^on.e point, which is the > ^ 20 ^'gnal and tha pixel recording pattern by the meth- 
. center of the pixel, contrarily. to th^ m the con- ; ^ r r -irod accjording to this invention: ^ 
, j centric solujSoa mod^l.; bu^ tf^y are suitably ar- jr , r Rg. 2 is .^a-btock diagram illustrafing the con- 
] i= . .T^ng^ wthin.tfja fofic^^ry color.-ln this way . ^v, jStruction of^a prior art laser beam printer; 
. ^ , syp^rjpxjsitipn^o^^^^ ppinte ,of, cTrfiferent cokws t yt ^ F5gej,3.<Q and (D) are schemes for explaining 

; .can be ,contrplietJ ar^ as the.result a ^igh quality x ss ' the principle of thi^ invention in color printing, and 
^ faiLpplorpnnflng'c^^ Bgs. ?/ (A), and (B) are corresponding schecn^ 

^-.^niat is, this irwCT^ explaining the prior^art techniques; 

. ; when an ini|9rmedi£tfe c^^rGrninance ^ pri by . - : Rg^4 is a^block diagranrv indicating a compari- 
effectingf .aref;frioduiafion on a plurality : son data production drcuit for realizing this inven- 

of colored inks within a pixel, 30 . tion; . ^ j / ; . , 

unit r^i9n of spatially quantized i^nage data, an Rgs. 5 (H) -(P) are schemes for explaining the 

.. area-nrKKlulation is effected* by; arranging a first : . ; working mode for production of the pfxel recording 
colored ink of at least one color at a first position pulse signal and the ' pixel recdrdihg pattem by 

- within the pertinent pixel and afiother area-mpdulat r mearts of the drcuit indicated in^g. 4; 
tiop is effected by arranging a second cotored Ink 3$: Fig, 6 ^ows graphs indicating^ more in detail 
I of at ie§st or]ie color, which is dlfferentrfrpm the first . : the embodiment of this invention indidated in Rg. 3 
, . , co!Qfed.Jnk, at a second portion nwrithin the per:; t ,0 rSP);, 3. r •! ::^c::; : ^'^'i^csL 

, tin^ntpijjel, which is different ; ; tRg,-7tea bJ^ 

, . In a prefen^ed ^enr)^^ obtaining .tte; pixel redording p 

inyen^on, ttie first cplpr^ is-j;;:4a:j !iaij;emtH!>dun^?efcth^^^^^^ 

,, a^ Mvv .RgJa^ows graplis^^fo^ 

; f penter of t^^ ink . i rnojte of the dniajit indicted in Rg. 7^ 

. v : mentipnecl^-.abo\fe is arranged from pother end - : ^ Rgs. 9^ -11 show embddinients iri the case 
wittiia tiie pixel towards the center of the pixeL. where tiie position of dots is controlled not only in 

{ In another prefenred embodiment according to . 45 the main scslhnihg direction but also In the auxiliary 

. this invention, the one end and; the another end j scanningi directipn, .Indicating; the position of dots, 
stated above are one end and the other end in the . :^ Infonmatidn given to tHe printer and the dot pattem 
main ^canning direction within the pixel. r recorded by;printing, resp^rtively; 

In still another preferred embodiment according V ' . .Rg- 12 is a block diagram irtdlcatihg the con- 
to this invention, the first colored jnk stated above \ so • i^lruction of a circuit, which' is anotfier embodiment 
, ' is^ constituted , by a multirlayer. structure consistir^ of thisiinventiofi; n: 

of yellow ink. -magenta ink ^d cyan irik and the . Rg. ISjIs a block diagram indicating the con- 

: second colored ink state^d at»ovo is constituted by , v struction bf a^ dn:uit which is still anotfier embodi- 
black inl^;; ment of this invention; and 

In still anotfier prefenred embodiment according ss Rg. 14 is a scheme for explaining tfie principle 
to this invention, in an arbitrarily selected pixel the of the circuit indicated in Rg. 13. 

first, colored ink mentioned above is arranged from 
one end within the pixel towards the center of tfie 
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DESCRIPTION OF THE PREFERRED EMBODI* In Fig, 4. a counter 13 is a hexadecimal coun- 

MENTS r ter. which counts 'fclbck sigi^^ 

' a clock generator 10 to it^ clbek tenninal CLK. The 

;, .ngs. 1 (D). (E) and (F>, (G) are timing chart " recording scanning signal LINE1 outputted by the 
illustrating the working mode- of the production of -s^^- timing treatment drcuit'4 is at the high level during 
the pixel recording- pulse" sigr>a and the pixel re- * /" the recoixJihg s6ahningy The counter 13 stated 
cording according 16 tW^^rnv^ehfidm ato6\^ (fdiirite the clock Wigrtals ClKI 1 wheh' this 
.:(D) shows the workfa^-fmbde' bf ttie productiorr • - ' t ^rd^^^ ^scSnning- signal ' LlNEt ' inputted to*^ the 
r , v .: o^the pixel':rec6rding -pulse S)^ using the com- ciesar 'terhrtinaY- CtR i^ and it is 

parison between pixel depth data DA* arid compari^^ ' /w-^- effeiarbd to^'^Q*. whein tiie Si^H^^^^^ at th^ low 

son data DB in which the magnitude of thfef*com— '^^^ ■ lev^l? tfi^ 13 is 

f r" paftsah data DB va^ ihcr^ses in thfe - '''^ "'inputlecl 'ds 'rt is of a data 

odd pixeJ number regions and decreases in the-^ ' ^el^^ reversed^" v^ue of the output 

- : even pixeTnumber regions. In thfeiway, the position ' st^rial iQ,i i^^ i 8 
vc: ' t ::.,Qf prodoctlbn of Itie^pixel reteoi^d'ihg 'pufee signal S'-^^'^^sl tfij^ebf/ that^i^^^ ^ignjal Qa a^the 

. r : generated t)y;iDprbparing tbe^p^^^^^ d^ DA^ --'^^^^^^^ 
; : : : witii the loOTpariiori rfdafe isKto determined that iri"^ ' - - a^^^^ 
• ; I thejodd; pixeJ: numberiiregiohs^^the frbhtPend of th^^*>> 'i4 oiit^iitis the h at one of the 

^ : pixel; rec^ircting pulse sigr^al i^^^ si r ^ , inpiit'termiha^^^^ B ^ed above/ depending 

r : ' I the .front end of the perUhen^ p1$cbl and in the eveflp''^ ^i2b"^ oh the sfgrial feveh tb its seledSon control 

^ ■ pixel number regions the fe^r :er1rd :bf the pixeH^ / Tfermlh^^^^^ Set 
recording pulse signal S is in^'ac^rd^ce with the - • -'is given the oiitpiut signial Qia bf an RiS flip-flop - 
rear end ol the pertineht^pixelVi-e. the rear end of (hereinbel6w abbreviated'^ tcr FF) 12. A latch 15 

the* recorded dot in the main scanniriig direction^ - ^ ^ butptJts th& signal; inpi^ input terminal D 

. 1 ; w and thus in the example indic&tddi i?i the figure the 25 ai it fr6m duipiit termlrtet signal 
. > pixels No. 2 and/ ;No. 3p anrf 4 and No. 5 '^^{i3^t (cbmfparisorVxiaife Efl^^ latch. 
V j>ecome continuous.; QdAsequ^ntiy, in the recording depending" ori 1h^ si^nd te^ pixel clock 

pixels recorded on the. b^is;6f,this~pix^l recording ' • sighal^giwn'to^^^ the 
. pulse signal, as ihdteatedsin (E), the pixels No. 2 - - -k:sSry' Slgri^ dij^ terrtiinal Car of 

and No.' 3, and No. 4 and^No. 5 are "continuous.; 3fl^^ ' the 6diMef*^\ii stated abSi'e rs reversed to become 
respectively, and thus there are no border portions' ^ * ^tfie piker clcJSk 6ignai Which is supplied to 

in:::the: scanning direction' ibtetweep the pixels t)e- .^^^ ifte^erning-ireiatrnont'circuK^ to the clock terminal 
c j longing ;t6 each of the pairs/Therefore the unstable^^ ' CtK' of FR 12 and to the enable termin^^ 
' ; regiooibecornes jailer. " ^ - -^ latch ^ISr - ^ - : i ;•; 

. (^'Bhows an example, where the magnitude of ^ \35 = In the construction of the circuit described 
. the^cgmparison data pa\decreases in the odd pixel abovei When the recording sc^ 

^ ; number r regions and increases irnilhe- even pixel ■ 6utputted from the timing treatmierit circuit 4 is at 
numt)er regions. In the recording poe^ls of this - - -^ the • high level, the counter 13 coiints the clock 
^cA K:x:irz §s^f^ M 1 and No.^^ > giv^n by the clock generator 10 and 

j ;.i :row?«^3^^*to; ^- ' P Incfeiases' the ' vsdue of th^ eo'unting output sigrtal 

Now^ tbeirpixel racdfdingrrpijlsensig^ produc--^ ^^"^^'^--^ QS V^ish the value of the'^unting output signal 
; t{on pitpi^ii^sed for sguch^ a pixfel recording will be;^- 

explained. - The .production :of the pixels recording - - (^ the data selector 14 is 

- : ;v pulse .signal by ithe comp&risbn between the pixel --^ "^^^iset at the initial ^ate so that the sicihai at the input 
; d^pth data .DA iand thai: comparison data DB, as 45' ^terminal A is soledkl to be outputted; the compari- 

, previously indicated in lHg. 1P) can be effected by - -son data DB. which are the bu^ut signal Qs oFthe 
ameliorating; the circuit generating.the. comparison latch 15 increases successively frorii '^O" to "15". 

Wherf the value of the cbunt reaiches "15" arid a 
cany signal Car is outputtedi the latter is given to 
50 the enable terminal En of the latch 15 as the pbcel 
^ clock signar'PCLK3 and the latch 15 stated above 
latches "15". Since the pixel clock signal PCLK3 is 
' given also to the FF 12, the FF 12 is^ inverted and 
the signal level of its output signal Q a is changed. 
55 By this change of the signal level of the output 
signal Qn the data selector 14 selects the signal at 
the input signal B and outputs a signal at its output 
terminal Y. Consequently the valiie at the output 



data DB indicatedtin Rg. 2. Tfterefore,^ here this ^ 
circuit generating the comparison data ^ DB will be 

^ explained .and: explanation of the ptfier circuits will 
be omitted; because .they ai-e identical to those 
used in prior art apparatuses. ^ Further each , of out- 

: put terminals of each , of Uie - circuits and the signal 
produced there are denotedvwith a same reference 
numeral. ^ - 1 ; / - 
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terminal Y of the data ^selector 14 varies from "15" 
to "0". but dnee the iatdi 15 latches "15". the 
comparison data DB remains to be "15". The 
above is the signal treatment for the pixel of pixel 
number 1. Whennthe succeetdihg clocktsignal CLK1 : 

' is inputted, the content of the' counter 13, tjecomes 
"0". Consequently ttie ivaluai at. the ou^ terminal s 
of t*ie data selector 14 becomes "15^ and the- 
signal dre^trtient proceeds to the dre^ent for the . ^^ 
pixel of ipi^el number At the same tin^ the carry - 
signal Car* of the countier ia cOsappaar^ and there- : 

< fore the latch 15 outputs^^e signal at the inputi : 
termiha! D as itis. After that the counter >1 3 counts?, 
the clOGkjsignate GLK1 and its ctSitent Increases. 
However, i since .the; data selector 14 -outputs the .? 
value at the: terminal IB, fo which » the reversed:.- 
signal 5is inputted, ttre comparison dat3^i)B, which> 
is tha outputrsighal Q« of the latch IS.ndecreases 
successively. When the content of thel counter 13: i : 
reaches "15* (comparison dala -OB ^^^^ 0), a carry > 
signal Car Is outpittted and thus the latch 15, the 
FF 12 and the data selector 14 are controlled in the. 
same way as stated above. M this - time the datai 
selector 14 is so commuted that the signal at the : 
input fet^iftal ~A is selected and otitputted at the,^r 
output terminal ' : q / - 

The comparison data DB repeats its increase 
and decrease, as iodicatedin Rg. 1<0), 'fay the fact 
that such' operations are: repeated iD' a period of 
tirhe, durinig which the recording scanning signal: 
UNEI is ^at the high level, - : 

' Such- a comparison data productioa tircuit has 
:an advantage that a high speed operation is possi- 
ble witfi respect to the case wtiere the counter 13^ 
counts up and down. > 

■ Then it is iposslble to dtrtain the pixel recording s 
pulse^ ^signal for offectirtg the pxeiore^^ording, as 
indicated in Rg. H^). W^^^^ mag^ ^ 

hitude of the com^ans^ data DB ' ttUiis otJtalned ^ ^ 
irwth Wat of the pixel depth data tXAi- ■'^■^^ 

;o t ;;ri ;^<jftjon.^ wheri'^^^&^ of the 6 

FF 12 * fe^ mitiairzed' so -that in the initikl state the > : 

' data selector ' 14 i&elects^ iind outputs the signal at : 
the input terminal B, thd corhF>arison data OS var- 
ies as: indicated in Rg. 1(F) and thus the pixel 
recording pulse St jgnal S, which effects pixel re- - 
corcfing. as indicated in Rg. i(G), can l>e obtained/^ 
Furthermore, the comparison data production 
circuit indicated in Rg. 4 is provided further with a 
counter 11 oand 'a' mono^table multi-vibrator V i 

' (heretrlbelow abbreviated to ' MM) 16 (block indi^ 
cated by a broken line): it is possible to vary the 
screen angle. A/Vhen a recording operation begins, 
the timing treatment circuit 4 outpHJts a high level 
signal and when the operation is terminated, an 

-printing signal PAGE is produced. The counter 11 
is a 2-bit biriary counter, in which, when its count- 
ing value reaches "3". the canry signal Car be- 
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comes high, and screen angle data SD are loaded, 
when> the printing signal PAGE is low. When the 
carry sigriai Car of the counter 11 is low. the FF 12 
is preset As the result, since the: data selector 14 
selects. anfivPutpHfe?yth^ at the input A, the 

initial. yaJqe pf^:tt»e^.!^ data DB is "O". To 

the confrary, wh^n tf^ Cfar is high, the 

FF; 12,;is .cleared. As ^^t^^ tiie data 

.sel«:tor 14 selects and^ q thO; signal at the 
iriput B, the initial value of the comparison data DB 

: When the recording of one scannipg line is 
terminated.- the -recording scanning signal UNE1 
rbecprnes loyv, the couriter 11 counts up. In the 
case wherejttie, counting tj*(^lue of ^the counter 11 
vpri^ ^ JO* rti "1\"1"^c*2^ rSince the canry 
signal <^r reoiains low, whecj tifierfecording scan- 
ning ^ignalrUNEI :is chc^^ to tiie low level and 
the MM 16 Is triggered ^ Agl ^ short pulse signal 
is producedve^ its output ternitnal Cl». tf^ pulse 
^^gnd Q.t iS; ghfen to the cteariterminal CLR of the 
FF 3l?i which; is tiierefpre cleared. In the case 
wh^e, the:countingj.yalue;of.j^ 11 varies 

as ■a'?-^. "a?, fte carry, signal Car is changed to 
tiie high develi and flius lhe pulse ^gnal Qw gen- 
eratedrby the MM TP is given to the preset terminal 
PR of the Wf 12, which is therefore preset Further, 
in the case wh^ tiie counting value of the counter 
11 is "3" and ti)€; canry signal CarJs at tfie high 
level, since the load terminal L ofrthe counter 11 is 
at the bw level, the following counting value of the 
counter 11 is screen angle date^SD- Consequently, 
when tile screen angle data; iSD ts;'"3*, tiie FF 12 is 
preset and wtien it is not, the; FF 12 ;is reset This 
operation is COTtinUed as far a$! the recording is 
terminated aid tile pritfting signal>PAGE becomes 
■'■c'-c : ;loWi rcriO C > 
v ^ : Figs: 5 (H) .><P) are;timlngi,chai!ls^^.^^ 
; operation of 43rT0ductwa of file pi^ pulse 
40 v signal: S 4ContKJfle§ rby tNs idrcutt!^^ the pixel 
r ^recordingr In iwhich^^^^^ 0) ■^I'^nt a case 

; where the.^creen angle, data: SD, are "3", (H) show- 
' " ihg the operation of production of the pixel record- 
ing pcrtse signal, (I) Illustrating a pixel recording 
45 pattem by means of -the prixel recording pulse sig- 
nal, which is obtained as:rthe lesult of the operation 
iridicated-in (I), rllie abscissa corresponds to the 
' r^rding v scanning direction; where it, represents 
tiie time In (H) and the scanning position in (I), but 
50 it is indicated here by tiie pixel number. The or- 
dinate corresponds to the direction, along which 
the recording medium is sent, in which it repre- 
;i sents the time in (H) and the transfer amount in (1), 
' but it is indicated here by the! . scanning line num- 
GS ' ber. Further, for the ordinate^ the counting value of 
the counter 11 is written together therewith. (J) and 
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(K) show the case where the screen angle data SD Comparing the pixel recording patterns indi- 

are "2"; (L) and (W) ihe case where the screen' " cated in Rgs. 5 (I), (K). (M) and (P), Jt can be 
angle data SD a^re "1"; and' (N) athd (O) the case ^ • understood that the screen angle of the recording 
where the^ screen angle data SD' are "0". pattern varies depending on the value of the screen 

In the' case where the scireen angle data SD-^ 5 ^ angle data SD. In a fiiill color laser beam printer by; 
are "3". since the counting 'vailue' of tlie^ counter 11 ^ ' xnultiple printing -when the screen angles of dif- 
is always; "3 •' as 'indicated ''in -Fig; 5-(H) and thus - -- x-f^fervti colors are identical M6ire6 fringes are^pro- 
^ the carry! signal -Ca? 6f%fe'cd(^^ cfualityj^isrtowef'ed. Conse- 

c vT; : the tiigh^ leVel, trie FF 12=is "preset every time the ^ ' 1q|Uently; in .frie fease of such ajcokstf printingi/it is 
' : levlBl 'of thie ^irecofdmg-*^ Sgrtal LINE1 be- -i^ tf:possibte td' obtairi a hig^ 

3C a5rrtes low/ C^^^ initiali Value Ct the-^^t.-^ -^ntoot^^Moli^^ fringe sby-^'varying;;;^^^ of the 

comparison data DB for every scanning ILne is "15" it br-.^ca-eea angle d^ SD for evfefy coldr- 
' and' the same operiatib of the pixer^Qi^j 't; In the erribodiment describedTatx)ve;Mncrease 

i tJj • r^gicordingr puise^ sigha^^^^^ md'rc^ed in ng.1{F) is'i- >nur t:ior-deaeas^lin the^ number of.bife^ 

i: - repeated. As the' Ve^ult the pi:5cei ^refe6rding pattern data* DAj the ccBmparison d the screen 

' ' ^v^i -for eacR &f tffe rs(^hning - lines -tiite the '?)ixer'ffi 2j^'Q.tahgle data^SD? raodificafioris in 

• recording pcrts^ 'signal' thus Sbfefned fs such thatt-^-i :s j comparison dJata^DB; ap; inodlficaBon into aiform 
"'^^ the pixiels 6f t^t^errtumbdrS-l ^d 2,:aHd 3 and A^'oh:^^ .^Cjjermrttingpitoccompensatee of the 

are cohtiriudusi-as infiicated in-Fig^^^ v^t^ /rvvuKpnntef, ^d^^ 

In the case where t^^ data SD^>? ;2oa v which ihe: vsdue' of the screen angle^^ 

■ are' "2", %inGe the counting valine of> the >^^^ . are fresJy chosen. : . 

c - varies in the order of the scanning^ ; It is obvious^thatjthts invantioT) can. be applied 
i; "3"^ "2"; "3";'...,- as indicated in Rgi 5(J). the carry n; " ? ; : not only;4o^the laser beam printer, but also other 
- ^ signak Car of the counter 11 ' repeals to be at the 'bo scannmg recording^ type printing recording devices 
■n V. low and high levels alternik^ely arid therefore the ii 25 i; mentrdnetd pi^iously. c ^ > - 

• initial value of the FF 12 for each of the scanning? i :ir r - .i;cAs Explained above,, ^ccording to Ihis invon- 
iines is alternately ' "cleai^"* "preset", "clear", ... in tion. since, in a pixel recording. pulSQ signal genera- 
the order of the scanning line number. Conse-r^j: v jtion, method. by:v^ich. depth d^rtarOA of each of 
qufentfy the Initial valiife xjt the comparison data DB m 7 pi;<els ia:an;Jmager?;$fgnaliar^tr^nsform into an 

' for: each of the seining Uines -is* "0", when the^ i,30i. n image recotyJing puls9( stgr)afchaving a time width 
scanning line numbeir is odd,:: and "15"; when the.:, c.r ; - ;proportionali.to the depth for ^ch.pf the pixels and 
scanning line number is' even. : As the result the production of recording energy js controlled so as 

,vv^:. same operations of productiorv of the pixel record-::- ■ t!:x -^to- be. Interrupted by , the image recording pulse 
'>:' ing piilse 'signal as indicated in Rgs. 1.(D) and (F), - ^ signal, the reprding pulse signal js .so.^ produced 
respectively^ ;are alternately repeated.^Consequentr 35 « j th^t the rear ; end of the iBCordtng pulse signal of 
; ■ :^ {y, for the scanning: line^ having ^a^^ the preceding recording side pixel ia a pair of 

: c : i Jndicatedi tfi-Rg. 5<K), pixels of ipixel.numt>ers 2 ancfcr:: .0.. pi)!:els,,adjacent to an arbrtrari^ly seized pixel in the 
3, 4 and 5 form pairs and their pixelrrfecording is v c. iL''.re,cording scanning direction ie^ inaaccpr€|ancet::iviath 
6 AvoiConflnubusL Trd: the: contrary, for, the scanning line r:T; r/^t thes?e^r,eoci Pt the arbitrjarily select^ pixel and the 
: : .-I"; i;:fabhav^ng-an evsn ,numb6i^^^^^^:^ of \h^ ,, ; frpnt ead of -the fetcorjtjing pulse sigrial pf the suc- 

; i^ixals numberd and 2v^S aintd:4 is donflhuous^ ceediDgir^cGtrding side pixe^Js; Ja acoprdance with 

: : irt the case .where - ihe ^^creehv?angle data SDnl \o ;Cthei|f©nfeBncbofrthe ^itrarily^^^^ pixel, pro- 
\ are "1", the counting value' of the counter 11 re-=i;; 6^ ductjon of recprding energy^^s continuous between 
'5 peats a same pattern^ asi"tr; '•2"ir"3''. "1". "2";.^ L r v. c: :the pixete; of these pairs.i tt:^t fe,. the ratio of the 
r ^ '•a". as indicated in Ffig. 5(L). Consequently; 45" »irareas of the unstable regions: stated at>ove can be 
. ' : ** > since the initial value of .the comparison data DB .} reduced ^o' that . tire factor lowering the image^^^ 
. for each of the scanning lines; repeats "0", "0", nfty prodiiped by int^uptions of the fe^Gording en- 

"15", «: in the order of tile scanning line number, ergy and thus lowering; of the/image quality are 
> - the pixel recording pattern is:? such .that It is irtr j: ? , alleviated. . > ,^ r - 

* dicated in Rg. 5{M). f ;f so - Rgs. 3 j(G) and XD) are, scheme^; iflustratirig the 
; ' In the case where the. screen angle data SD % principle of 100% UCR according to ttus invention. 

^: = are "0", the < counting value of the counter 11 is . i Rg. 3(A) indicate,S;a crossrseetional view of a 
represented by a repetition 61. "0.", "1", "2", "3". structure, where ye)loWijnkcY, magenta ink M and 

Consequently, since the initial value of the comr cyan ink G are printed in thi.Sr order on a white 

parison data DB repeats •'0";.."0", "0". "15", ... in ■ 65 paper sheet concentrically i at .a net point so that 
the order of the scanning line number, the pixel * . = ..they are superposed- on each other. A- A sign in 
recording pattem is such that it is indicated in Rg. ' Rg. 3 indicates a boundary between tvy;o adjacent 
5(P). , pixels. Rg. 3(B) indicates ;the same structure, for 
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which 100% UCR is effectkl according to the 
cbncientiic solution model. As, indicated in the fig-,, 
ure. all We parts, where the three colors, yellowv 
magerita ahd cyan are superposed on each other 

; so as to repr^isent bliSick^^^^^ replaced by net 

pbints fortned by bikck ink: Consequently, in the 

; cas^ v^Ai^reM^ three color?; 

' hiave ^a s^e 'sizd as''^^ f(kirBi>xerfr^ the leftj 
sihde tey t34 repr^sent^ onV^^ black net 
points (dots)« there is no color shear in pnntir^ due 
to superposition of different colored inks arjj ;fyrr 
ther the amount of used colored inks is relatively 
small, - v.. , ;y:- •■pjj A2..'':i-a:. 

Rg. 3(C) illustrates an example, in which 100% 
UCR is effected according to thi^ invention. Ja this , 
example, colored d^ts such as y^Mojw, m^^nta, 
cyan, etc. are put to tfie Jeft within^e^^j^ 
only black dots are put to the right When djsts are 
printed in this way, tfie "black 'dots and cbtored 
ones are not supeiposed each other by calcula- 
tion of 100% UCH. Consequently there ^ no 
colored inks, which har/e been used In vain under a 
black dots in the cpndbntric solution model and the 
numt^er of colored inks supe^po$ed on each Mother 
at a dot is at nnost 2^ what r4du<^ transfer defec-, 
tives. 

Furthermore, when colored dots are put to the 
left side toftiespohdiitg tb^^c^^ in^^ 
' the scanning diire<*'bri for^^M pixSi (from the 
lift); the black <j(dt U piM to thd rtpht side cor^ 
responding to the other end Off the pixel in the ' 
scanning direction; to^ the contrary, for the second^ 
pixel adjacent to the first pixel, the black dot is put 
to the left side and the colored dots are put to the 
right and so forth, that is, the position of the col- 
ored dots and that of the black dot are replaced 
aitemately for every pixel, as indicated In Rg. 3(D), 
dots In two pixels adjacent to each otfier can be 
put together. ^ . 

Wten they are printed in this way, tfiey be- 
come largecln.appearancef-arKi- thus^he-e^ 
portk>n of the dots can b^ used wfth a high^ 
efficiency, ffurther, at the same time, in this man- 
ner, since pnntihg l>ecorhes Jess sensitive to shea^ 
of different colors in printing, ft is pc^blle to re- 
afize a cotor reproduction with a.high fidelity having 
no Molree fringes. ' 

Rg. 6 shows top views of the surface of tlie 
paper sheet for the embodiment of this inventidn 
indicated in Rg. 3(D). Rg 3(b) reproduc^ at the 
first line of Rg. 6. ' ^ 

The first pixel is divided from the left of the 
pixel into four parts, i.e. a part printed double with 
cyan Ink and yellow ink. a part printed only with 
cyan Ink. a blanc part and a part printed, pnly with , 
black ink. Since the second pixel begins firom the 
left by a black part, the black part of the first pixel 
and that of tfie second pixel are jointed together. 



10 



30 



35 



40 



45 



60 



' pn the yyhole it seems that black parts and colored 
, part? are arranged alternately. When this procedure 
of arrangement is changed, also for every line as 
indicated In; the^ figure, the whole print is equivalent 
. in jsijpea^ce to a dot printing having a screen 
,^!e Vojr4^ in Fig, 6 

illu£?trate^a jform^^^ dotSj^ vyhich is closer to the 
real imiage," ' V " *:.". . 

Rg. 7 is a block diagram showing the construc- 
tion of a circuit, for which the emixxliment of this 
invention indicated in Rg. 3(D) to a digital printer 
scanned continuously in the horizontal direction as 
iff] a tele^sion and Rg. 8 shows schemes for ex- 
planing Its working mode. In Rg. 7 equwalent or 
..identicat stems are represented by the same refer- 
ence numerate as those used for tiie drcuits in- 
dicaied in Rgs. 2 and 4. 

For explaining Rgs. 7 and 8 more concretely, 
the depth of the data DA allocated to each of the 

I pixeljs of? an image is represented by using e.g. a 
3-bit; number from "0" to V. Consequently inter- 

r mediate ;Jones can be indicated by intermediate 
values among 8. An octal binary counter 13 and a 

r pixelj address icounter of the frame memory 1. in 
which pool data DA are stored, are cleared by the 
fine synchronization signal LINE of a digital printer 

^ (e.g. laser beam prirrter, tfiermal head printer. Ink 
jel prihfc^h^^'fe^^^ printer, serniconductor la- 

-ser priiter, BgW en^ithhg diode printer) 77. At the 
same fim^ the fflp-fib|) (^^ 

12 is set or preset depending on the ph^ 
'data ' C;^ (cf. Rg.4): the counter 13 counts the 
reference clock CLK coming from a clock osdilator 
10 so that its ouQ^ut increases starting from "0". 
When the output of the FF 12 Is tow, the data 
selector 14 ou^uts the output of the counter 13 as 

-Jt Is as the comparison data DB, and when it is 
high, the data selector 14 outputs the reversed 
yglug of the output of the counter 13 as the conv 
parison data DB, Consequently, wtien ttie output of 

-the 12-is ^gw; the comparison data DB Increase 

^frQnt:"0^ to ai^ when it is high, the compari- 
sori^ata DB-^d^eases from "T" to *0". When the 
content j^^e cpunter 13 has reached "7* and 
retomed again to rO", the most significant bit MSB 
of the CHitput of the counter 13 falls. Responding 
thereto, th^ memory 1 outputs the following pixel 
data and at the skne time ihe FF 12 Is reversed. 
Since ttie selector 14 reverses the comparison data 
by the ^reverse of the FF 12, as the result the 
comparison data DB begin with "0", when the 
phase data FD is "tow", and go and retum between 
[!0" and V. Therefore, they are such that they are 
indicated In Rg. B{A), Further, when the FD are 
Thigh"; they begin with "7" and go and retum 
between "0" and *7". Therefore, they are such that 
they indicated in Rgs. 8 (B) and ((J). On the <rther 
hand the pixel data DA outputted by the memory 1 
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are inputted in the coniparator 5» where it is judged 
which are larger, the inputted' jfixlif'datk DA or the 
comparison data DB. There '^ivb judgenr^ent- 
outputs of the comparator 5.' CjnS of thern is "high".' 
if DA < DB. arid, thb \i "high^ if DA > DB^' 5 
Only' the letter is riBversetd,,s6^&^' be a' signdtV ■ f " 
r^pteseinting^ DA s DB' aridr^th the signa are \ ■ ' 
inputted in a data'sjsf^oY riidst significant; , ' ^ 
bit (MSB) of the pixel data DA is iis^d as a selec- 



. 70.. 



tion signal in the selector 73, wtjich outputs a 
signal., which is "High" if DA i DB for the DA from 
"0" to "3". and if DA < DB for the DA from "4" to 
'*7^ vyhen this sigpal is irfiputted in a printer 77, 
supposmg that a biack point 1$ printed, if the VD is 
higli and .a whjte. fibint is prin^^^^ if^ th^ VD is low, 
' the area ratio $ pf^the bfa^^^ one 
^^ixel^varb^ .in 'theifb^^^^ table- and 
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* In jpieheral, wl^^h ^e^-^Qdui^tion. is effected by ^ \^ « >p%. and[;1()9% 9re neces^atry. fhe area*modula» 
equally dividing 'thii,)^te into 2"'{2" + ^^^^ J tipn. is :!^dapt^ ^tOj' tl^a . ^ata. in the circuit 

ly 'diiffefenf m apcqrding to tl^iis inventionr.-at the sacijfice of S = 

date ar^e usually bina^ preferable to ij/ J . 50%, which is at the^iddle jDoinL:, :y 

allocate tiie imag^^^ v r jHien. ;:When the phase cjata manipulated for 

V \ ^ - ; fy®*^ line or for every color, as indic^ti^ in Table 

-(2. a printing indicated in Fig, 5>,oan be;;effected 



as- 



Table 2"' 
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H reipresents the high level, 
L represents the low level; 
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This circuit needs no memory such as pattern ^ 
generator, etc, and its construction is ample and fit 
for high speed operation. In addition, since the 
number of modufatiohs of the' area mbdulation iis 
2", as indicated in Table 1. it is ea^ to combine it s 
with the multi-value Dither method or the ' multi- 
value degth pattern methQ^^. i , ^ 

I Furthemnore, although |the position of the dots 
pijinted witiiin a pixel has been shifted to the left or ; v; ^ 
to the right (in the main scanntng diredtiori *x), the ■ -:fo;- - 
s4ine effects can be obtained also when they are ; ! " 
shifted !n *e up-arKWowri direction (m ttxe aij^^^ 
iary direction y) or ^hen they' aire shifted in i 
the left-and-right and up-and-down directions (in ? 
th^ moirii scanning dfr^'on^x and - the^auxiOary ; 75 
scanning direction y). An embodiment in this case < 
will be exi>l;a;ni^ t>eloy^ referring id FigsJ B toj ft. j 

' This invention can be applied to a case where i 
a printer is Mse<i,, which cain <^oiitrd! the^'posifioh of 
dots area-modulated and printed within a pixel not < 20 
only in the rnain scanning direction x but'^Jsb^in 
the auxiliary scanning direction y. Rg. 9 Is a - 
scheme for explainir^ how dots; are arr^ngeiCi in • 
pixels (not visible) allocated on the sur^K:8 of a! 
p^r sheet Four ^^^^ dot posutipn^i A.; Bv ,C 
arid b. are conceivable on the basis of assump- 
tions of; a printer. In ^Rg. 9. ti^erg , are five sprts o( 
pixel date, Hie. from "b™ to- "4^, -which are depthr^ 
data allocated p ]the, pixels, "Q" rejwesents "white" j ^ 
and "4" -^biack (al^.over)^ To #ie c<^^ "1" --3"j so 
represent half tones between thern. In the type A, 
.the dot enlarges, ?^ the upland rights 

, porri|Br in the pixel, with increasing pixel dpta. In the -v. ■> 
typ^ B, C and D the dot enlarges, starting from 
the up and left comer, the dowri and left comer and , 35^ 
the down and the right printer receives the pixel 
data and information pn.the type, wrhicfj are then o 3 
recorded, as indicated Jn^g,:, 9.^ 10 indicates ; 
Information given to^ithe^printer for every pixel. In 
the .case -where th^ pbce! data ,andt1f)a; infomnation3^o;,40 
.thus, received ai:e recorded p^Gti(^> gpd Fig. 11 -xir- 
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illustrates the recording result. The type Information 
indicating the dot position within the pixel is given 

attematjely for every pixel, such as A, B, A. B 

for the first' line, as indicated in Rg. 10. and al- 
ternately for every pixel, such as D. C. D. C. ... for 
the sectmd line. Further, on and after the third line, 
the typo infom\ation -for the; first line and that for 
the second, line are given alternately and repeat- 
(SdlVi As the^pixel data arbitrary information of "0" - 
"4" !S allocated ^3 each of Ihe pixels and this figure 
' i^iows an example fiienBOf. Tfie result obtained by 
recording on a paper sheet as such that it is In- 
dicated in Fig. 11. where four dots in four pixels, 
two adjacent pixels In the vertical direction and two 
adjacent (^xels in the horftzontal direction, are 
printed, as it they were gatlrered together at the 
centre so as to be one point, i 

According to this emixKlirnent the numt^er of 
dots is reduced to 1/4 without lowering the resolv- 
ing power between different; pixels. That is, the 
ratio of area x>f the unstable region stated above is 
lowered and the worsening of, the image quaTrty is 
alleviated. 

Fig. 12 IS a block diagram illustrating the con- 
struction of still another apparatus for realizing the 
method according to this invention. The difference 
from the apparatus indicated in Rg, 7 consists in 
• that the apparatus indicated in Rg. 12 is con- 
structed by using a look up table mefmory 79 and a 
shift register 70 contrarily to tiiat a data selector 14 
and a comparator 5 are used 1h the apparatus 
indicated In^Rg. T; iThe memory 79 ^outputs an 
output pattern on the t>asis of the >p(xel data DA 
sent tjy the frame memory 1 ani/ Mfplxel phase 
data DfD s^ by the flij>fk)p 11 The shift register 
;. 70-transfor3ms it rith &ttigh,spBed by a paralfel^ 
, ;?;erial transfonnation to'f(M:m ja ndep"sig[ri^ VDS. 
i^AW^efi the ^k}ok^up: Jablefts^^^d^^^ the 
apparatus work$in ftheaccmriptoeSy :^afe^^^ as 
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Table 3 : . 
DIGITAL :;Vi^U^ (BINi^Y VALlife) OF RATTEEN 



^qtJTPUTTED BY; LOQJC UP. /CABLE; 
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; : fJhe look up table (jm^c^ 7^ uSed in this 
embodiment receives nna^e data: Of 12 bits in total ■ 
from the* frame, memories '1y,mV*c and -^lj, storing ^ ^ 
yellow, magenta, cyan and black diaita; respectively, 
and jreo^iN^es also selection sign&l$ So. Si"for select-- * * 
ingneoessarytvideo :8ignal&^arKS1n*^ixerpliase data o3s-. 
PFD/ which can, tie ei^parided^ that ian opttmum^' - 
in^paxisl net pojnt arrsi^^emern carS' be^ 'calculated* In = 5x ^ 
ithjsrcase, since the positioni.^ the <k>t lr\ each of ' '"^ ■ " 
!itHe :rpnKelS7aE:anv; te appffiSattons as • 
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i.^ndfeated b©fow ate^jcbntsei^'a^ 

Net pbint prthtin^£B)ti>f^&^s^1flt'^^^ at)lors ' 
by addition color mixing and subtraction cotor mix- - ^ 
ing and in general, their ratio cannot be determined 
unequivocally, even when a same cotor is ex- 
pressed. 

For example, in the case where red having a 
reduced chromaticity is expressed, it can be ob- 
tained not by superposing two cotors but by jux- 
aposing them, as indicated in Rg. 14A. where 
magenta is put in the left half and yellow is put in 
the right half. However it can be obtained also by 
superposing the two colors, magenta and yellow, in 
the left half region. The former represents an addi- 
tion color mixing of magenta and yellow and the 
latter represents a subtraction color mixing of ma- 
genta and yellow. Of course an intermediate color 
mixing between them can be conceived. According 
to the method of this invention it is possible to vary 
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so 
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■arbitrarily ihp ralib 'of- these addition bolor mixing 
arid sut^tradtidh <x>1or rrr^ Either the sutDtraction 
dolor mixing of the' addifion (^l6r miking can be 
better, depending on iised inksi Therefore, by man- 
ipulating suitably tffi's ratio of the subtraction color 
rnixing and the addition color mixirtg by means of 
this apparatus, it is possible f6r inks' to exhibit 
better their color Expressivity and therefore a wide 
spVead color display can be ofcfeihedl ■ ' 

As ei^laihed' abb^.' accofdih^ this inven- 
fion.* since :the ^position of the dot of vEry ci>lor 
•finrited wtthin :^ fiixel cai\ be shifti^d up and down 
^br left- and i rf^fit, ' it^is pdsbibfe to sUpeit^ose inks 
ideally, time inks are used more usefully and 
saved. Furthemnore, by unifying reasonably net 
points (dots) of a same cobr, . printing becomes 
stronger against shear, and as the result this inven- 
tion has an effect that the image quality is amelio- 
rated in the reproduction of full color images. 



Claims 

1. A scanning recording type printing method, 
in which an image is printed by area-modulating 
the interior of each of pixels, which is the smallest 
unit region of an image, by means of ink of at least 
one color, comprising: 
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a step of bringing the ends of the pixel in preder- 
termined directions (x, y) and the ends of a dot 
formed by said ink recorded within said pixel in 
accordance with each other; and 

a step of bringing the front end of the pixel suc- 
ceeding said pixel in said directions (x, y) and the ; 
front end of a dot fonned by said ink recorded 
within said succeeding pixeMn accordance with 
each other. 

2. A scanning recording type printing method 
according to Claim 1. in which on€^.^of said pie- 
determined directions is the main scanning direc- 
tion (x). . ^ ■'^.^■■Y' -'t -J- - 

3. A*^canrting recording type printing methScid 
according to Claim 1. in which the other of said 
predetermined directions is the auxiliary S|qanning 
direction (y). which is siibstantialiy perpendidif^ 15"^ 
said main scanning directi6fx^(x). ; p \ 

4. !n a pixel recording i pulse signal generation 
method, by wfiich depth data (DA)t)f e^ of; pixels 
in an im^e signal are trahsforrned Into ah ffhage 
recording pulse signal (S) having a time 'width 
proportional to the depth for each of the pixels and 
prQ<lM<;$'pn of recording energy is controlled io^^ 
to fc^ irit^rrupt^ by s^d iniage recording ;pirf$©^ 
signal Is so produced thit the rear etui df the 
recording pulse signal of the preceding recording 
side pixel in a pair of pixels adjacent to an arbitrar- 
ily selected pixel in the recording scanning direc- 
tion (x, y) is in accordance with the rear end df said 
arbitrarily selected pixel and th4 front end Of the 
recording piilse signal of the succeeding recording 
side pixel is in accordance with the front end of 
said arbitrarily selected pixel. 

5. A pixel recording pulse signal gene'ragpn 
method, by which an/intermediate chro^ 
printed by effecting iarea-rftci^ by meaiK5 - ot 
colored inks of at least one oolbr (C. M, Y) wii^iin a 
f«xel, which is the smallest unit region <rf spatially 
quantized Image data, a>mprising^^ at least the fol- 
lowing steps: ; ' 

effecting an arBaf-moduiabon by arranging >a first ' 
colored ink of at least one color (C, M. Y) at a first 
position within a pertinent pSxel, and 

effecting another area-modulation by arranging a 
second-colored ink of, at least one color {C, M>y) 
at a second position within said pixel. 

6. A pixel recording pulse signal generation 
method, according to Claim 5, wherein said first 
colored ink Is arranged from one end witiiin the 
pixel towards the center of the jpixel and said 
second colored Ink is arranged from another end 
within the pixel towards the center of the pixel. 



10 



15 



20 



7. A pixel recording pulse signal generation 
method, according to Claim 4. wherein said one 
end and said another end are one end and the 
other end in the main scanning direction witfiin the 
pixel. 

8. A pixel recording pulse signal generation 
method acording to Claim 5, wherein said first 
Cotored Ink is constituted by a multi-layer structure 
consisting of yellow ink. magenta ink and cyan Ink 
and said second colored ink is constituted by black 
ink. 

9- A pixel recording pulse signal generation 
method, according to Claim 6, wherein in an ar- 

; bitrarily . selected pixel, said first cotored ink Is 
arranged from one end within tiie pixel towards the 
centre of the pixel and said second cotored ink is 
anrBi:^ed'ftt»m Jinpther end within the pixel towards 
the l&rjter 9| jtfi^ pixel, and further said second 
xolof Wc isj arranged from said anotiier end 
wittijn the pixe| towards flie center of tite pixel and 
, [saiS first cqiored ink is arranged Horn sad one end 
' within the pixel towards the center of the pixel. 

10- A scannir^ recording type printing device 
comprising:^ 

■ ' ^ ■ . ■■ 

€1 memory means (1) vmemori2ing depth data sig- 
nals (DA) for one scanning line; 

a means^(10,;.l2, 13, 14, 15) including a ckx:k 
generator (10) land a counter (13) and producing a 
• comparison d^ta signal (DB) fonnned by repeating 
^ ■ an up counting operation and a down counting 
; operation for every pixel, which is the smallest unit 
; region of an image; 

35 ] j ^ - 

I a means (5, 9) generating a pixel recording pulse 
: i : ; depth data (DA) witfi 

; j said compar^^ data ^-g^ (DB); 

40 a ^semiconductor laser circuit (6) producing laser 
If^tTt, ba^ on^paid Inputted pixel recorcfing signal 
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f^^^B?: (7 ^. ^^^ 3n ima^ corresponding 
to said pixel recording pulse signal (S) on a record- 
ing medium by sweeping sakj laser Gght; and 



a timirig treatment means (4) controlling the opera- 
tioh of, said.memory m^s (1). said comparison 

50 idaia production means (10, 12, 13, 14, 15), said 
pixel recording pulse signal production means (5, 
9) and said image recording means (7. 8). 

11. A scanning recording type printing device 
according to Claim 10, having a counter (11) and a 

55 monostable multivibrator (16); further comprising a 
means (11, 16) controlling the screen angle, by 
controaing said mearfs (10, 12, 13. 14, 15) produc- 
ing a comparison data signal (OB). 
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